The paper tests the hypothesis that developing member states of the European Union converge to richer countries. On the basis of a Cobb-Douglas production function this study estimates beta convergence, and sigma convergence, utilising data from the 28 EU member countries. The results confirm the hypothesis and indicate that poor countries grow faster than rich economies in terms of per capita income and the convergence process for Malta is slower. This finding has important implications for transition EU member states, including that Malta needs to overcome several constraints in the transitional phase to increase the steady state level.
Introduction
Economic convergence has always been associated with one of the major benefits of EU membership given that economic and social cohesion is one of the objectives specified in the EU Treaty. Empirical literature shows that less developed countries tend to grow more rapidly than wealthier countries. Such that, in time, all economies converge in terms of per capita GDP (Note 1). Nonetheless, it has also been acknowledged that despite trends of convergence, substantial income levels differentials still persist today across European countries (Note 2).
There is extensive empirical growth literature that examines the convergence hypothesis over an extended period. Following the seminal work of Baumol (1986) , which found that convergence amongst industrialised countries was almost perfect, the DeLong (1988) critique, and the extensions by Sala-i-Martin (1991, 1992) and Mankiw et al. (1992) , the convergence issue attracted considerable attention thereafter in empirical literature.
Convergence is well documented for EU15, and membership in the customs union proved to be an important factor, though this is not an automatic outcome. Consequently, ever since the enlargement of the EU in 2004, many researchers covered the new member states (NMS), prominently the Central Eastern European (CEE) countries, in the convergence debate (Kaitila, 2004; Varblane & Vahter, 2005; Prochniak, 2008; Vojinović & Oplotnik, 2008; Vojinović et al., 2010) . The literature generally reports that the catching-up process is sensitive to both the study period and the chosen cluster of countries.
literature has been published.
Based on the evidence from EU member states, Section 2 reviews the catching-up process and discusses the empirical evidence of the potential determinants of convergence. Section 3 presents the methodology used, whilst Section 4 discusses the empirical results of convergence for Malta. Concluding remarks derived from the results are presented in Section 5.
Economic Cohesion

Defining Economic Convergence
Neoclassical growth models typically assume that poorer countries tend to grow faster than richer ones. Consequently, growth in per capita GDP is negatively related to the initial level of per capita output. It is generally argued that economic convergence occurs because less developed countries have less capital stock, and therefore higher marginal returns on capital (Solow, 1956) . Advancements in technology (Tamura, 1991) and human capital (Romer, 1990) are also drivers of economic convergence, as the import of technology and human capital from richer countries help less developed countries to catch-up with developed countries.
Over time, countries converge to a steady state, which is defined as the equilibrium position of an economy. If a country is at its steady state it means that per capita income is growing at a 'balanced' or constant growth rate-normally equal to the rate of technological progress. In fact, one of the implications of a neoclassical growth model is that if a poor and a rich country are at their respective low and high steady state positions, then a poor nation cannot reach the same per capita output level as that found in a rich country. An economy at a low steady state level cannot converge to a higher level of income when it has particularly low levels of physical and human capital and low level of technological advancement. Rather, its growth rate behaves according to the changing level of capital stock and employment rate, amongst other things. In other words, a poor country converges if it is in transition towards a higher steady state, only if the level of capital stock and employment rate, augmented by technology, are rising.
Convergence can be measured in two ways. The first measure is known as β convergence, which tests the hypothesis that per capita economic growth is inversely related to the starting level of output per capita (Barro et al., 1991) . Another measure is σ convergence which occurs when the dispersion of per capita income falls over time (Barro & Xavier, 1992) . β convergence can be generally classified into absolute and conditional convergence. Absolute convergence refers to a tendency for two or more economies to become more similar in respect of per capita incomes. The implication of this is that economies converge to a common steady state. However, if per capita income of different countries converge to their respective steady state, then conditional convergence is set to take place (Mankiw et al., 1992) . The implication is that structural characteristics and not initial income determine the level of steady state per capita output because each country is converging towards its own long-run state.
An important characteristic of convergence is that while β convergence is a necessary condition for convergence, it is not a sufficient condition for σ convergence. Intuitively, economies can have β convergence, while, at the same time, random shocks are pushing them apart. Examples are shocks to output or prices that tend to affect economies with different per capita income level asymmetrically. Other examples where β convergence does not imply σ convergence arise when economies with the same level of per capita income have different steady state levels. The initial income gap will be zero but disparity will grow over time as a country with the highest steady state value grows relatively faster. 
Per Capita Income Disparities in EU28
Substantial income levels differences exist between the EU member states, which, despite some degree of convergence, have persisted over the past decade between the former EU15 and the enlarged EU. By 2012, average GDP per capita in PPS in NMS was approximately 40% below the average of the former EU15. Figure 1 shows a histogram for real per capita GDP for EU28 in 2012. The richest countries are members of EU15 group of countries, with the exception of Greece, Portugal and Spain. The two small island states, Malta and Cyprus, are at the middle range of per capita GDP levels, while the majority of countries with low income levels consist of a mixture of CEE and Baltic countries (Note 5). The mean value of EU28 corresponds to per capita GDP in PPS of 25,000, and the coefficient of variation (CV) of the real per capita GDP-a measure of proportionate dispersion-was 0.41, meaning that the standard deviation is equal to 41% of the average. Bulgaria displayed the lowest level of GDP per capita, at less than 52% of the EU28 average. Luxembourg recorded the highest level of per capita GDP (Note 6) followed by the Netherlands, at 30% above average. Malta recorded GDP per capita in PPS of 22,000, 12% below EU28 average. In 2012 three EU15 countries-Greece, Portugal and Spain-had a per capita income level below that of EU28 average, approximately 12% below that of Malta.
Malta in the Convergence Process
The per capita performance of the Maltese economy during the 2000 to 2012 period grew, on average, by 2.4% per annum. As observed in Vojinović et al. (2010, p. 318) 'Malta recorded extremely slow annual economic growth' well before as well as after acceding to the EU. A possible implication of a slow growth rate of per capita income is that the income gap to EU15 becomes broader because of a fragile speed of convergence.
The catch-up gap rate for NMS can be measured as follows 
where y i,t is the level of per capita GDP in PPS for converging country i at current time t, and y t * is the average value of y t for EU15 countries. In this case, a positive catch-up gap rate means that the gap between a country and EU15 is widening while a negative gap rate indicates a shrinking gap.
The evidence presented in Table 1 shows that during the 2000-2007 period, while NMS converged strongly to EU15 average, Malta's catching-up process was less positive as the income level gap relative to EU15 countries widened. Indeed, apart from Italy, Malta registered the lowest real economic growth per inhabitant. It was only due to Malta's resilience to the global crisis that the main change that the economic crisis in 2008 brought about was the rapid catch-up for Malta relative to NMS. This development is mainly due to lower per capita growth amongst European peers. Nevertheless, on average, the degree of dispersion between Malta and EU15 remains notable in the period 2000-2012. A distinguishing feature of Malta is that its catch-up gap rate has been one of the most volatile amongst NMS. This could be due to the fact that Malta is inherently exposed to conditions beyond its control since it has small population size and high dependence on international trade (Note 7).
Another observation that emerges from the catch-up gap rate is that the pace of convergence has been rather uneven across countries over different years. The early 2000s had periods when no catch-up occurred for NMS. In other years, however, the evidence is more varied across these countries.
While these results provide a first impression of the EU experience over the last decade, a more rigorous analysis is needed to determine (1) whether, over the long run, convergence has indeed been taking place and (2) if so, whether it has been large enough to close income disparity.
Methodology
The approach adopted in this study is to use a Cobb-Douglas production function in intensive form to measure β convergence (Note 8). σ convergence can be measured by the CV of the cross-country per capita income (Note 9).
Specification of β Convergence
Based on cross-sectional data, Baumol (1986) implemented a method of testing β convergence derived from a Cobb-Douglas production function, which can be specified as follows
(2) where g t is the annual growth rate between t = 0 and t = T, y 0 is output per capita at t = 0 for each country i. For simplicity it is assumed that α i is fixed and represents the fundamentals of each country. i,t is the disturbance term which is assumed to have zero mean and the constant variance and is independent for all economies.
Since g t lny t-lny 0 , Equation (2) can be refined as follows
where X t ' is a vector of variables which captures variables such as stock of physical and human capital in each country i. It is expected that (1 + β) < 0, β > 0, because the annual average growth rate of GDP per capita over the period T is inversely correlated to the initial per capita GDP in the year t 0 . Then if αX t ' is the same across all i-that is, all countries converge to the same income per capita-then it is said to indicate absolute β convergence.
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The estimated regression is given by (Note 10)
where T is the length of the interval. Equation (4) can be expressed as follows for estimation purposes
where
In Equation (5) all other explanatory variables, which may influence per capita GDP growth rate, are not being accounted for, and hence reflect absolute β convergence. The conditional β convergence hypothesis can be tested if Equation (5) is augmented by a vector of independent variables to condition the steady state of the respective countries.
The Barro and Sala-i-Martin (1992) specification implies that the speed of convergence, β, is given by
In Equation (6), the coefficient of lny i,0 declines with duration of the time period, for a given value of β. Therefore, as T increases, the effect of the initial position on the average growth rate declines.
Specification of σ Convergence
The income differentiation can be measured by the CV of per capita GDP between countries. A decreasing value of CV indicates σ convergence, an increasing value shows income dispersion, and a stable income dispersion is reflected by a constant value of CV. The σ convergence hypothesis can be tested by estimating a linear time trend of the dispersion of income levels among countries, ID y,t
If parameter α 1 is negative, σ convergence exists because a linear time trend of the dispersion of income levels among countries, t = 1,…,11, is negatively related to ID y,t . Barro and Sala-i-Martin (1995) show that income dispersion at steady state, ID * , can be expressed as follows
where σ 2 u denotes random shocks. Equation (8) implies that convergence, in the sense that less developed countries tend to grow faster than developed countries, does not necessarily implicate that ID y,t declines over time. In fact, ID y * can remain positive even if β is greater than 0, as long as σ u 2 is positive. This implies that rising income dispersion between countries can occur with β convergence, meaning that while β convergence is a necessary condition for σ convergence, it is not sufficient for convergence to actually substantiate as long as the effect of β is outweighed by transitory shocks to the economy, σ 2 u . Cross-economy variance of per capita income can be reduced the higher the strength of the convergence effect, β, and the lower the variance, σ 2 u .
Data Used and Estimation Method
Convergence is investigated for a cross-section of EU28 countries utilising annual data on per capita GDP in PPS (y) with data averaged over the periods of seven and twelve years (2000 to 2007, and 2000 to 2012) to reflect the main change in the catch-up gap rate that the economic crisis in 2008 brought about for Malta (Note 11). The data is sourced from the EUROSTAT database (see data in appendix).
A priori, one expects that, in Equation (5), α 1 takes a negative sign given that poorer countries grow more rapidly than rich ones. Malta's convergence rate was estimated by introducing a multiplicative dummy variable for Malta in Equation (5). By using a multiplicative dummy variable we can tell whether the convergence rate for Malta is statistically different from the European average, with a negative value indicating that the rate of convergence is slower, and vice versa.
Segmenting the Period
For a better understanding of cross-country income convergence, it is useful to examine cross-country growth patterns during the pre-crisis period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , and the crisis era (2008) (2009) (2010) (2011) (2012) . As illustrated in Figure 2 , Malta narrowed the catch-up gap rate ever since 2000 in relation to the initial level of per capita income in PPS (Note www Vol. 7, No. 3; 12). 
Incorporating Conditions
It needs to be emphasised that EU member states may be heterogeneous (Marques, 2011; Eickmeiera & Breitung, 2012; Chapsa & Katrakilidis, 2014; Firgo & Huber, 2014 ) (Note 13). If EU member states have different economic structures, the assumption that all economies have the same parameters, and therefore the same steady state positions, can be dropped. This implies that if steady state positions differ-say due to different saving rates, years spent in education or access to technology-the logic would suggest that less developed countries will only grow faster than rich ones if they are further away from their steady state than rich ones are from their respective steady state.
An approach to take into account conditional convergence is by augmenting Equation (5) by additive dummy variables to capture country specific effects. Two dummy variables, D H and D L , were used to incorporate differences between countries with high or low steady state respectively (Note 14).
Assuming Effect of Spatial Interaction
Furthermore, the conditional convergence rate in Equation (5) is subject to an upward bias estimation because of a spatial dimension. In general, the presence of spatial effects is likely to lessen the estimated speed of convergence because countries in a relatively prosperous and stable neighbourhood have better chance to record higher per capita income than countries surrounded by poorer regions. A possible consequence could be that firms tend to invest more in central regions than in the periphery, and, hence, regional inequalities tend to increase over time (Note 15). Therefore, countries are likely to be interdependent, which conflicts with the assumptions under which estimations of β are made. In this study, we also account for spatial dimensions by assuming that the growth rate of one country also depends upon the income level of surrounding countries recorded in the initial year of the periods under study. 
Accounting for Current Account Imbalances in the Pre-Crisis Period
According to the neoclassical theory, net capital flows from advanced to developing countries, such that converging countries are expected to run current account deficits. The liberalisation of the capital account and the financial globalisation have spurred the contribution of capital flows to economic growth. In fact, according to Blanchard and Giavazzi (2002) , current account balances are responsive to the level of per capita income in the EU. As a result, poor countries would record current account deficits and rich countries would record current account surpluses.
The economic crisis has put into question the effect of macroeconomic imbalances on the convergence rate due to the macroeconomic problems of several European countries. While current account deficits have facilitated a faster pace of convergence, they have also generated adverse effects. One example is the creation of credit booms, which is a result of persistent and excessive current account imbalances built up prior to the crisis (Lane & Milesi-Ferretti, 2011) .
In this respect, it can be postulated that during the pre-crisis era developing countries have maintained real convergence, however, along with excessive current account deficits . Lane and Pels (2012) confirm that the excessive current account deficits have contributed to high per capita economic growth. This can be tested by introducing an interactive dummy term in Equation (5) for member states exceeding the lower threshold of -4% of GDP based on the average period (Note 16, Note 17). If the coefficient on the interactive term is positive and statistically significant, the existence of such effect on convergence can be confirmed.
Estimation Results
β Convergence
The following equation was used to estimate the factors that influence per capita GDP growth
where the variables have the same meaning as in Equation (5). The same equation was also augmented with a multiplicative dummy variable for Malta, MT, and with two additive dummy variables, D H and D L , to take into account conditional convergence (Note 18). The subscript i refers to the ith country, and is an error term.
The parameters of Equation (9) were estimated by the Ordinary Least Squares (OLS) Method. It was estimated first by assuming that there is no spatial interaction across the EU, which means that economic growth in a country does not depend on economic growth in neighbouring countries. From the available data, the estimation www.ccsenet.org/res Vol. 7, No. 3; results are as follows The estimated parameters are in line with a priori expectations and have plausible magnitudes. The numbers in parentheses are the estimated t-values and indicate that the estimates are statistically different from zero at the 95% level-with the exception of the coefficient for MT which is not statistically different from zero during the 2000 to 2012 period-whereas the correlation coefficient is on the high side. The estimations suggest that in the pre-crisis period Malta converged at 5.7% per annum, 0.4 percentage points slower than the EU average (6.1%). Half-life of convergence is approximately 11 years for EU, meaning that it would take about 11 years for half of the initial national income levels' differences to vanish in EU28 (Note 19). This is, however, dependent on the respective gap between present income level and steady state level for each member state. Meanwhile, the time necessary for Malta to halve income inequalities with EU28 level is, on average, 12 years.
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Table 2 also shows that for the period 2000-2012, the conditional convergence rate across the EU member states has been 3.2%, while the rate of convergence for Malta is not statistically significant different from EU average. Half-life of convergence is 22 years, due to a slower convergence rate. This suggests that the convergence rate is sensitive to the chosen period given that the convergence process encountered various shocks over the last years amid the financial and economic turmoil.
β Convergence: Introducing Effects of Spatial Dimension
The equation was re-estimated by controlling for those countries whose growth rate was affected by production activity in the surrounding countries, as otherwise the convergence rate in the omission of spatial dimension is likely to produce biased results. It was assumed, in line with standard macroeconomic theory, that average growth rate also depends upon the starting income level of neighbouring EU member states, Y NEIGH, 2000 . The results are presented in Table 3. www.ccsenet.org/res Vol. 7, No. 3; The estimated coefficient on initial income confirms the presence of conditional convergence when accounting for spatial dimension effects. The value of α 2 indicates that in the pre-crisis period the rate of convergence for Malta is 4.2%, which is slower than EU28 average of 4.5%. Consequently the half-life of convergence in EU28 is 15 years, though this is subject to the idiosyncratic steady state positions. The half-life for Malta is 17 years. Furthermore, the coefficient on neighbours' level of income shows that EU member states are likely to be interdependent to their neighbouring countries. Meanwhile, from 2000 to 2012, the conditional rate of convergence has been 2.4% per annum with an estimated half-life of 29 years.
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The conditional rate of convergence can still be considered 'fast', following the inclusion of neighbours' level of income. The reason for this is, as Gezici and Hewings (2007) point out, if growth rates of lagging countries are higher than growth rates in richer ones, the spatial inequality may decrease over time, and hence results in convergence. In cases where countries pursue their own growth-promoting policies, spill-over effects may exist from that country to adjacent countries. In addition, the existence of the Cohesion Fund, which is largely a redistribution policy with the aim to reduce economic and social disparities, transfers funds going from richer to poorer regions of Europe. As a result, cohesion policies are aimed at increasing investment to achieve higher growth in the periphery, a process which potentially offsets off spatial effects.
β Convergence: Accounting for Current Account Imbalances
The fast speed of convergence for the period 2000-2007 could be the result of excessive current account deficits which contributed to high per capita economic growth. Given that current account imbalances have negative connotations with respect to sustainability and may have played a role in the economic crisis it is important to confirm if countries like Malta would still have slower pace of convergence in the pre-crisis period if we account for these imbalances.
The econometric model estimated in Table 4 shows that during the period 2000-2007 excessive current account deficits helped countries with low per capita income to converge faster. This reflects the situation mainly in the CEE countries which recorded both high rates of economic growth and current account deficits. As expected, the www.ccsenet.org/res Vol. 7, No. 3; rate of convergence is slower when accounting for current account deficits, at 4.5% for the EU average and 4.2% for Malta. Meanwhile, the convergence pace for Malta remains slower relative to EU28. By contrast, if the 2000-2012 period is assumed, the sign on the current account parameter is positive, though not statistically significant from zero; meaning that no conclusive evidence can be drawn on the effect of excessive current account deficits. This is possibly due to the fact that although larger current account deficits would support a faster pace of real convergence, possible severe macroeconomic risks would damage the performance of the member states concerned. Indeed, the change in the performance of countries with excessive current account deficits have been generally weaker post-2007 compared to countries with more favourable balance. All equations performed satisfactorily in terms of residual diagnostic tests, regarding heteroscedasticity, for which the Jarque-Bera and White tests were used; which showed that the residuals are normally distributed and there is no evidence of heteroscedasticity at 95% confidence interval respectively. Regarding multicollinearity, the correlation between exogenous variables across countries was not found to be unduly high (Note 20).
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σ Convergence
Despite the structural imbalances across EU countries, incomes of less developed countries have tended to converge to those of EU15. The pattern of convergence is illustrated in Figure 3 , which shows the CV of per capita GDP in PPS between NMS, Malta and EU15 average. σ convergence is confirmed by estimating Equation (7). Table 4 shows that the negative parameter of the linear time trend is statistically significant at the 1% level for NMS, meaning that the standing of various member states has narrowed over time in the extent of income differential. This verifies that for most years a tendency for convergence was recorded. Table 4 also confirms that σ convergence is inconclusive for Malta. Indeed the parameter of the linear time trend is small and not significantly different from zero, meaning that there is no stable tendency exhibited by both divergence and convergence during the period in consideration. 
Conclusion
This paper argues that that less developed countries grow faster than rich ones, mainly because they are further away from their idiosyncratic steady state. In turn this gives rise to higher per capita GDP growth rates. This hypothesis was tested using a neoclassical exogenous growth approach based on a Cobb-Douglas production function, utilising annual growth rates for member states of the European Union. This finding has important implication for Malta mainly that although it has been converging to its respective steady state it has not reduced income gap significantly with EU15. This evidence suggests that the speed of convergence has been insufficient to close the income gap; implying that while a convergence rate is necessary, it is not enough to reduce income disparity.
Another implication is that economic cohesion depends on particular factors-such as gross fixed capital formation and labour force participation-which determine how far an economy is from its steady state level. Indeed, low levels of gross fixed capital formation and labour force participation may explain the slow convergence process. Therefore, an increase in the investment rate and higher labour force participation rates render a higher steady state level of output per capita and a higher economic growth during the transitional phase. In this respect, factors directly linked with economic convergence, like good governance, macroeconomic stability, and reform policy initiatives are relevant.
Meanwhile, technological progress has also important implications on output growth in the long-run; such that long-run growth depends on the total factor productivity and the effectiveness of resources used. In this regard, fertility and appropriability of research have both an important role in advancing technological progress and output in Malta.
The results should be taken into account in the discussions about the allocation of EU Cohesion Fund. The financial support to transitional countries (75% to 90% of the EU average GDP) should not be reduced, but, rather, sustained in order to facilitate the catching-up process. At the same time, further efforts are called for to help periphery member states overcome difficulties involved in the transitional phase.
Another important challenge lay ahead is the adherence of EU28 to the euro area. Although adherence to the euro area officially implies the fulfilment of nominal convergence criteria, economic convergence process is needed for the sustainable development of the enlarged euro area in the long term. The presence of asymmetry in EU28 by convergence to different steady state values necessitates flexibility in markets to a make a smoothly functioning optimal currency area possible.
Disparities in income levels, within reason, may always exist. However, any country with low per capita income should close as much as possible income gaps compared to richer countries. Over the years, unlike other developing countries, Malta's low level of per capita income did not translate into faster per capita growth rates, even after EU accession. Therefore policies and reforms oriented towards raising potential output, through investment, and improving the productive capability of the country, particularly through the raising of skill levels, the promotion of lifelong learning, and the raising of the labour force participation rates are called for. Indeed, for many economies, the prospect of acceding to the EU has been a powerful spur to reform.
